INTRODUCTION
The Bosumtwi crater, centered at 06°30′N, 01°25′W, in Ghana ( Fig. 1) , is a well-preserved 1.07 Ma (Koeberl et al., 1997) complex impact structure with a rim-to-rim diameter of ~10.5 km Koeberl and Reimold, 2005 ) and a small central uplift (e.g., Scholz et al., 2002) . The crater was mainly excavated in lower-greenschist-facies supracrustal rocks of the Birimian Supergroup (Wright et al., 1985; Leube et al., 1990; Roddaz et al., 2007) . A limited granitoid component was also sampled during the excavation of the crater, as is visible on the geological map and further confi rmed by the presence of granite clasts in fallout suevite samples (Boamah and Koeberl, 2006; Coney et al., this volume) . The Bosumtwi crater is mainly fi lled by a lake with a diameter of 8-8.5 km, which contains an ~1 m.y. section of lacustrine sediments. The 2004 International Continental Scientifi c Drilling Program (ICDP) project was designed to sample these sediments for paleoclimatic studies, to obtain ground-truth data for geophysical interpretations of the impact structure, and to recover samples of the impactites and crater basement for detailed petrographic and geochemical investigations. The project recovered 16 drill cores, including 14 sediment cores and two impactite cores, from the deep crater moat (LB-07A) and the outer fl ank of the central uplift (LB-08A), respectively (for review, see . Detailed lithological and petrographic investigations show that the annular moat is fi lled with ~135 m of lithic and suevitic impact breccia (core LB-07A; Coney et al., 2007a) , which decreases to ~25 m in core LB-08A (Ferrière et al., 2007a (Ferrière et al., , 2008 Deutsch et al., 2007) , and that the impact breccias are underlain by metasedimentary rocks. In addition, an ~30-cm-thick impact fallback layer was recovered in core LB-05A, immediately below the lacustrine sediments .
The Bosumtwi impact structure is also the source of the Ivory Coast tektites, which occur in a restricted area of ~40 km radius within the adjacent country of Ivory Coast (Lacroix, 1934) , and of the microtektites (i.e., distal impactites) recovered in deep-sea cores off the coast of West Africa (Glass, 1968 (Glass, , 1969 . Considering the age and the size of the crater, as well as its association with the Ivory Coast tektites, the Bosumtwi crater is unique and offers exceptional research opportunities for the understanding of cratering processes.
Here, we present the geochemical results of 119 basement rock and impact breccia samples recovered in drill core LB-08A, together with analyses of melt particles from suevite units within the impact breccias. This allows investigation of both the provenance of the metasedimentary basement samples and the mixing necessary between target rocks to form the different impactites. We also provide a comparison of the LB-08A chemical data for basement rock and impact breccia samples (i.e., crater-fi ll impactites) with data for Bosumtwi target rocks and suevite samples from outside the northern crater rim (i.e., fallout suevite), and data for the Ivory Coast tektites (i.e., distal impactites). The main objective of this study is to evaluate if chemical compositional differences observed between proximal and distal impactites are the result of the incorporation of different target rocks, different proportions of the same set of target rocks, or postimpact modifications (such as hydrothermal alteration). . Geographic location of the Bosumtwi impact structure (Ghana) and its relation to the Ivory Coast tektite strewn fi eld (modifi ed from .
fallout suevites. However, the original impactite compositions may have also been modifi ed by postimpact alteration, particularly in the proximal impactites. Melt particles in suevite show signifi cant differences in major-element compositions between the different samples investigated, but also within a given sample, indicating that they represent melts derived from different lithologies.
GEOLOGY OF BOSUMTWI, CORE LB-08A, AND PREVIOUS GEOCHEMICAL INVESTIGATIONS

Geological Setting
The Bosumtwi crater was formed in lower-greenschistfacies metasediments of the Birimian Supergroup, an assemblage of metasedimentary rocks that include phyllites, metatuffs, meta-graywackes, quartzitic meta-graywackes, schists, shales, and slates (Wright et al., 1985; Leube et al., 1990; Roddaz et al., 2007) that were accreted during the Eburnean orogeny (ca. 2.1-2.2 Ga; cf. Feybesse et al., 2006) . Proterozoic granitic intrusions, weathered granitoid dikes, and dolerite and amphibolite dikes are also present in the region around the crater (e.g., Junner 1937; Woodfi eld 1966; Moon and Mason 1967; Reimold et al., 1998; Koeberl and Reimold, 2005) . Numerous outcrops of breccia occur in the environs of the Bosumtwi structure (e.g., Junner, 1937; Woodfi eld, 1966; Moon and Mason, 1967; Reimold et al., 1998; Boamah and Koeberl, 2003) , including an autochthonous monomict breccia on the northern part of the crater rim, a probably allochthonous polymict lithic impact breccia to the north of the crater rim, and suevite to the north and south of the crater and along the northern crater rim (for more information, see Boamah and Koeberl, 2003) . The suevite contains impact melt glass fragments and a variety of country rock clasts, including meta-graywacke, phyllite, shale, granite, and mica schist (with sericite after staurolite; Deutsch et al., 2007) , of up to ~40 cm in size, in a clastic matrix (Boamah and Koeberl, 2003) .
Drill Core LB-08A: A Brief Overview
Core LB-08A was drilled on the outer fl ank of the central uplift, into the crater fi ll and underlying basement. It was recovered from 235.6 to 451.33 m (all depths indicated in this study are depths below the lake level measured in 2004). Lithological descriptions of drill core LB-08A are reported in Deutsch et al. (2007) and Ferrière et al. (2007a) . According to these authors, the core can be subdivided into two parts: the uppermost 25 m, composed of polymict lithic impact breccia (clast supported) intercalated with suevite units, and a lower part composed of fractured/ brecciated metasedimentary rocks between 262-451 m, which is dominated by meta-graywacke units alternating with phyllite and slate and intersected by a few suevite dikelets. The upper 25 m of the core represent crater-fi ll impact breccia overlying shocked basement rocks. The suevite has a fi ne-grained fragmental matrix and contains a variety of lithic clasts and mineral fragments: meta-graywacke, phyllite, slate, quartzite, organiccarbon-rich shale, and calcite, as well as impact melt particles, diaplectic quartz glass, unshocked quartz, fractured quartz, quartz with planar deformation features (PDFs), phyllosilicate minerals, epidote, sphene, opaque minerals, and rare zircons (for more information, see Ferrière et al., 2007a) . The basement section recovered in core LB-08A is composed of an alternating sequence of metasedimentary rocks consisting of (in order of decreasing abundance) meta-graywacke (dominant), phyllite, and slate, with locally occurring monomict lithic breccia, light greenish-gray medium-grained meta-graywacke, and suevite dikelets. The metasedimentary rocks display a large variation in lithology and grain size, from fi ne-grained to gritty (Ferrière et al., 2007a) . Based on macroscopic and petrographic observations, the metasedimentary rocks recovered in core LB-08A (i.e., the basement rocks) were discriminated into two main lithologies: meta-graywacke and phyllite/slate (Ferrière et al., 2007a) . Meta-graywacke samples are dominated by quartz (35-52 vol%), feldspar (20-39 vol%) , and chlorite (up to ~10 vol%), and also contain smaller amounts of muscovite, calcite, biotite, opaque minerals (mainly pyrite), chert, epidote, amphibole, sphene, apatite, zircon, and allanite (Ferrière et al., 2008) . The matrix (i.e., all grains smaller than 50 µm) can represent up to ~26 vol% in some meta-graywacke samples. Phyllite/slate samples are mainly composed of muscovite and sericite, with variable amounts of quartz, feldspar, chlorite, biotite, rutile, sphene, pyrite, calcite, and organic and inorganic carbonaceous matter (Ferrière et al., 2007a; Deutsch et al., 2007) .
In a recent study, Ferrière et al. (2008) characterized the shock wave attenuation in this basement section and provided a reconstruction of the original position of the drilled rocks in the target prior to crater modifi cation. Detailed petrographic observations have also shown that the impactite samples from the central uplift are altered; features include sericitization of feldspar, secondary chlorite (mainly after biotite), secondary pyrite, calcite veinlets and aggregates, and fractures fi lled with iron oxides and phyllosilicates (Ferrière et al., 2007a) . Even though it may be diffi cult to defi nitively distinguish between pre-and postimpact alteration, melt particles altered to fi ne-grained phyllosilicate minerals and calcite aggregates and/or veins in the impact breccias indicate postimpact alteration. This evidence was interpreted by Ferrière et al. (2007a) as the result of hydrothermal fl uid circulation in the impactites after the impact event.
In comparison, core LB-07A, drilled only 615 m to the northwest of the of the LB-08A drill site, is composed of a thick section of impact breccia (333.4-470.6 m depth) overlying basement rocks (mainly metapelites and some meta-graywacke), from 470.6 m to the total drilling depth of 545.1 m (Coney et al., 2007a) . Somewhat similar alteration phases, such as chlorite and sericite, phyllosilicates, as well as secondary carbonate, were also observed throughout core LB-07A.
Previous Geochemical Studies of Bosumtwi Rocks
Several country rocks and impact breccia samples from outside the crater have been analyzed for their major-and traceelement compositions (e.g., Schnetzler et al., 1967; Jones, 1985; Koeberl et al., 1998; Boamah and Koeberl, 2003; Dai et al., 2005; Karikari et al., 2007) . Large variations in chemical composition have been observed between the different country rocks and also between individual samples (e.g., Koeberl et al., 1998) . Shales are distinct from phyllite and meta-graywacke in that they have lower silica and higher alumina, iron, and magnesium contents . Pepiakese granite is also very different from the other country rocks, with chromium, cobalt, and nickel contents nearly 3-5 times higher than in the granite dike samples (see Table 1 ). In addition, all country rocks show elevated siderophile element contents, attributed to the sulfi de minerals associated with the Birimian hydrothermal alteration (see, e.g., Karikari et al., 2007, and references therein) . Some samples from outside the crater have also been analyzed for their O, Sr, and Nd isotopic compositions (e.g., Schnetzler et al., 1966; Kolbe et al., 1967; Shaw and Wasserburg, 1982; Koeberl et al., 1998) , and differences in isotopic composition were noted for the different rock types.
Work that started in the 1960s led to the suggestion that the Ivory Coast tektites were produced by the Bosumtwi impact event Ferrière et al. (2007b) . † Calculated from data in Coney et al. (2007b) . § Data from Boamah and Koeberl (2003) . # Data from Karikari et al. (2007) . **Data from Koeberl et al. (1998 (e.g., Gentner et al., 1964 Gentner et al., , 1967 Lippolt and Wasserburg, 1966; Kolbe et al., 1967; Schnetzler et al., 1967) . The fi rst suggestion for such a connection was based on the geographical proximity of the tektite strewn fi eld relative to the Bosumtwi impact structure (see Fig. 1 ). This suggestion was then supported by similarities in chemical compositions (e.g., Schnetzler et al., 1967; Jones, 1985; Koeberl et al., 1998) , similar isotopic characteristics for the tektites and Bosumtwi country rocks (Schnetzler et al., 1967; Lippolt and Wasserburg, 1966; Shaw and Wasserburg, 1982; Koeberl et al., 1998) , and similar ages of tektites and Bosumtwi impact glasses (e.g., Gentner et al., 1964 Gentner et al., , 1967 Kolbe et al., 1967; Storzer and Wagner, 1977; Koeberl et al., 1997) . The question of a meteoritic component in the tektites was raised by Palme et al. (1978) , who measured the concentrations of siderophile elements in one Ivory Coast tektite and found that the iridium and osmium contents were signifi cantly higher than terrestrial crustal values. However, only Koeberl and Shirey (1993) , using Re-Os isotope systematics, were able to provide defi nitive evidence of the presence of a meteoritic component, of up to 0.6%, in the Ivory Coast tektites. In addition, using the chromium isotopic composition of tektites, Koeberl et al. (2007c) characterized the ordinary chondritic composition of the impactor.
No conclusive evidence for the presence of a meteoritic component in the fallout suevites surrounding the Bosumtwi crater has been found to date (e.g., Boamah and Koeberl, 2003; Dai et al., 2005; McDonald et al., 2007; Karikari et al., 2007) , and the same is true for the crater-fi ll suevites recovered during the 2004 ICDP drilling project (see McDonald et al., 2007; Goderis et al., 2007; Coney et al., 2007b; Ferrière et al., 2007b) . The only exception was the detection of a minor extraterrestrial Os isotopic signature in an impact glass (most likely weathered out of a fallout suevite) by Koeberl and Shirey (1993) .
The crater-fi ll impact breccia and basement rock samples recovered in core LB-07A and in core LB-08A were analyzed for their major-and trace-element compositions by Coney et al. (2007b) and Ferrière et al. (2007b) , respectively. Complete chemical data were reported and discussed by Coney et al. (2007b) , whereas only average compositions of the different lithologies occurring in core LB-08A were presented by Ferrière et al. (2007b) . Some geochemical differences were noted between the LB-08A suevite and fallout suevite; for example, the MnO content is lower in LB-08A suevite than in fallout suevite samples, whereas the MgO, CaO, and Na 2 O contents are higher in LB-08A suevite than in fallout suevite (Ferrière et al., 2007b) . Similarly, Coney et al. (2007b) found signifi cantly higher MgO content (and slightly higher CaO content) in LB-07A suevites than in fallout suevite. Both authors suggested that these compositional differences between crater-fi ll and fallout suevite can be related to postimpact alteration and/or to a difference in clast populations between the two types of suevite. Koeberl et al. (2007b) found that the chemical composition of the fallback spherules recovered in core LB-05B is very similar to the composition of Ivory Coast tektites, except the CaO contents, which are ~1.5-2 times higher in the fallback spherules.
SAMPLES AND EXPERIMENTAL METHODS
Bulk chemical analyses were performed on 119 samples from core LB-08A covering the depth range from 235.77 m (KR8-001) to 451.23 m (KR8-125). The complete variety of lithologies present in the core was sampled, and sample masses ranged from 30 to 500 g. Thirteen polymict lithic impact breccia, 21 suevite, 68 meta-graywacke, 10 phyllite/slate, 4 light greenish-gray meta-graywacke, and 3 meta-graywacke breccia samples were analyzed. Standard unoriented thin sections were prepared from all samples as a basis for optical microscopy, and some polished thin sections were made for electron microscopy investigations. Abundances of major and some trace elements were determined by standard X-ray fl uorescence (XRF) spectrometry at the University of the Witwatersrand, Johannesburg (South Africa), with a Philips PW 1400 instrument. Abundances of some major elements and most trace elements, including the rare earth elements (REE), were determined by instrumental neutron activation analysis (INAA) at the Department of Lithospheric Research, University of Vienna (Austria). More details about the instrumentation, accuracy, and precision of the used methods are given in Reimold et al. (1994) for the XRF analyses, and by Koeberl (1993) and Mader and Koeberl (2009) for the INAA analyses. See also Ferrière et al. (2007b) for additional details on the exact setting of the experimental methods used for this study.
Concentrations of Fe, Na, K, Cr, Co, Ni, Zn, Rb, Sr, Zr, and Ba were determined by both XRF and INAA, and results were in good agreement. For K, Sr, Zr, and Ba contents, XRF data are reported, whereas INAA data are reported for Na, Cr, Co, and Rb contents. An average of XRF and INAA data is reported for Fe, Ni, and Zn concentrations.
Scanning electron microscope (SEM) quantitative energydispersive X-ray (EDX) analyses of melt particles in suevite were carried out at the Department of Mineralogy, Natural History Museum, Vienna (Austria) on a JEOL JSM 6400 instrument. Polished thin sections were examined in both secondary electron (SE) and backscattered electron (BSE) modes. The composition of several melt particles was analyzed using a KEVEX SuperDry Si(Li) detector linked to a VANTAGE EDS system at 15 kV acceleration voltage and with a beam current of ~1-2 nA. A defocused beam was used for determining the composition of the melt particles. The analytical results were automatically normalized to 100 wt%. The standardless EDX analyses have a precision of ~3 rel% and accuracies of ≤10 rel%. Detection limits are ~0.2-0.5 wt% for major elements.
RESULTS AND DISCUSSION
Results of INAA and XRF analyses for the 119 samples from drill core LB-08A investigated are reported in Appendix 1, whereas average compositions of the main impactites and country rocks from the Bosumtwi crater are presented in Table 1 . 
Basement Rock Characteristics
The chemical data for individual basement rock samples are presented in classifi cation diagrams ( Fig. 2 ) and in a CaO-Na 2 O-K 2 O ternary diagram (Fig. 3) , together with average compositions of country rocks and of different impactites (from Koeberl et al., 1998; Boamah and Koeberl, 2003; Roddaz et al., 2007; Karikari et al., 2007; Ferrière et al., 2007b) . On both classifi cation diagrams (Figs. 2A and 2B), meta-graywacke and phyllite/ slate can be clearly distinguished; both lithologies have very low SiO 2 /Al 2 O 3 ratios, typical of immature rocks. Variation of the Na 2 O/K 2 O ratios for the meta-graywacke samples is attributed to variation in the abundance of feldspar and/or micas. Effectively, based on modal analyses obtained for some of the metagraywackes (see Ferrière et al., 2008) , the samples with high Na 2 O/K 2 O ratios generally contain a larger proportion of albite than of orthoclase (and K-micas) compared to meta-graywacke with relatively lower Na 2 O/K 2 O ratios. However, given the petrographic evidence of hydrothermal alteration of the crater basement (cf. Ferrière et al., 2007a; Deutsch et al., 2007) , the Na 2 O/K 2 O ratios could have been modifi ed to some extent by the growth of secondary minerals, such as muscovite and/or illite and, therefore, cannot be exclusively related to provenance.
Most of the investigated meta-graywacke samples have a high Fe 2 O 3 content ( Fig. 2B ; Appendix 1; up to 5.93 wt% for sample KR8-096), which refl ects mostly the abundance of chlorite and biotite. The occurrence, locally, of secondary pyrite aggregates (Fig. 4A) , can also infl uence to some extent the Fe 2 O 3 content of some samples. The MgO content is also related to the abundance of chlorite and to the proportion of the matrix; this is well supported by the modal analyses-the meta-greywacke samples, which show the highest proportion of chlorite and matrix (representing together ~28 vol% in KR8-036 and KR8-037; see Ferrière et al., 2008) highest MgO content is observed (more than 2 wt%; see Appendix 1). In the SiO 2 /Al 2 O 3 versus Fe 2 O 3 /K 2 O diagram ( Fig. 2B ), all phyllite/slate samples investigated plot in the "shale" fi eld, and only sample KR8-007 falls in the fi eld of "Fe-shale." Most of the meta-graywacke samples are distributed between the fi elds of "wacke" and "Fe-sand" (Fig. 2B ). These results show that the petrographic classifi cation of the samples is confi rmed by their chemical compositional classifi cation. The Birimian metasediments from the Bosumtwi crater basement are also compared with typical Upper Birimian metasediments from the Djibo greenstone belt in Burkina Faso in Figure 2 . The samples investigated by Roddaz et al. (2007) have lower SiO 2 and higher Al 2 O 3 contents than the metasediments from the Bosumtwi structure and were modeled by Roddaz et al. (2007) as refl ecting a provenance with a 75:25 mixture of basalt and granite. Incorporation of a higher amount of mafi c detritus in the metasediments investigated by Roddaz et al. (2007) than in our samples can explain the observed differences of composition, but a grain-size effect (i.e., sedimentary sorting effect) cannot be totally excluded, as most of our samples are coarser grained than the samples from Roddaz et al. (2007) .
When plotted in a CaO-Na 2 O-K 2 O ternary diagram ( Fig.  3) , meta-graywacke and phyllite/slate samples are clearly distinct, and both form relatively homogeneous groups. On the same ternary diagram, impact breccias from inside and from outside the crater, as well as the Ivory Coast tektites, lie on a line (Fig. 3) . The Ivory Coast tektites plot in the phyllite/slate fi eld. The average compositions of polymict lithic breccia and of fallout suevite are indistinguishable, and both fall at the interface between the meta-graywacke and the phyllite/slate fi elds. The average composition of crater-fi ll suevite plots in the metagraywacke fi eld. These observations are in very good agreement with the conclusions of the Harmonic Least-Squares Mixing (HMX) calculations and petrographic observations reported in Ferrière et al. (2007a Ferrière et al. ( , 2007b , which showed that a higher proportion of phyllite/slate was incorporated in the polymict lithic breccia than in crater-fi ll suevite.
The CaO-Na 2 O-K 2 O ternary diagram also shows that most of the meta-graywacke samples fall between the average composition of the Pepiakese granite and the average composition of other granites collected in close proximity to the Bosumtwi crater (Fig. 3) . As previously mentioned, the chemical composition of the metasedimentary rocks is mainly a function of the source rock composition, but alteration processes and mineral sorting can also be responsible for some of the variations in major-and trace-element contents (see, e.g., Taylor and McLennan, 1985) . A secondary (i.e., postimpact) origin may be invoked to explain the relative enrichment in the CaO content for a few meta-graywacke samples, given the presence of veinlets of calcite and/or calcite aggregates in some samples. Mineral sorting can modify the proportion of the different rock-forming minerals and, consequently, the abundance of specifi c chemical elements. In the case of the meta-graywacke samples, the presence of several accessory minerals, such as epidote, pyrite, sphene, apatite, zircon, rutile, and allanite, was reported in Ferrière et al. (2007a) . The presence of these accessory minerals in meta-graywacke samples was further confi rmed in the present work by SEM investigations, and the same accessory minerals were also observed in crater-fi ll suevite samples (see Fig. 4 ). In addition, the presence of monazite was detected by SEM in suevite (e.g., in sample KR8-001). Allanite grains, such as those observed in the meta-graywacke sample KR8-048 (Fig. 4D) , typically show compositional zoning, and are commonly surrounded by tiny epidote crystals. Allanite usually occurs in granitic rocks and in pegmatites; it is a carrier of the light rare earth elements (LREEs), as well as thorium and uranium (e.g., Deer et al., 1997) . Therefore, the proportion of allanite and also of monazite (another carrier of LREEs and thorium; see, e.g., Chang et al., 1998) in the meta-graywacke samples can infl uence the whole-rock REE content.
Commonly, Th-Hf-Co and La-Th-Sc ternary diagrams (Fig. 5 ) are used to examine the provenance of sedimentary rocks (see, e.g., Taylor and McLennan, 1985) , assuming that the composition of these trace elements in the studied rocks refl ects the composition of the source rocks, and that the composition was not changed signifi cantly by alteration processes and/or by mineral sorting. In both ternary diagrams, meta-graywacke and phyllite/ slate samples plot in distinct fi elds without overlap. All impact breccia average values plot in the phyllite/slate fi eld in the ThHf-Co ternary diagram, whereas they fall exactly between the meta-graywacke and the phyllite/slate fi elds in the La-Th-Sc ternary diagram (with the exception of the polymict lithic breccia that plots in the phyllite/slate fi eld). Both ternary plots (Fig. 5) show that the investigated samples are derived from a continental source, because most samples fall between average values for the upper continental crust and bulk continental crust.
Comparison of Crater-Fill and Fallout Suevite
Some geochemical differences were noted by Coney et al. (2007b) and Ferrière et al. (2007b; see also Fig. 6 ) between crater-fi ll and fallout suevite, such as a lower MnO content in LB-08A suevite than in fallout suevite samples and higher MgO and CaO contents in LB-07A and LB-08A suevites than in fallout suevite. In addition, a higher Na 2 O content was also noted for LB-08A suevite (Ferrière et al., 2007b) . The traceelement contents are very similar in both the LB-08A and fallout suevites, with the notable exception of the abundances of Cr and Nb (Fig. 6 ). These differences in composition between crater-fi ll and fallout suevite can be related to postimpact alteration and/or a difference in clast populations between the two types of suevite. Essentially, calcite clasts occur in crater-fi ll suevite (Fig. 7) and not in fallout suevite, and, in addition, granite clasts are present in fallout suevite and not in crater-fi ll suevite (Coney et al., 2007b; Ferrière et al., 2007b) . Mica schist clasts with sericite after staurolite, a lithology that is not observed in crater-fi ll suevite, were also described in fallout suevite by Deutsch et al. (2007) . The presence of calcite clasts (i.e., primary calcite; see Fig. 7 ) and aggregates or pods of calcite (i.e., secondary calcite) was noted in most of the crater-fi ll suevite samples (cf. Coney et al., 2007b; Ferrière et al., 2007b) . Many of the calcite clasts are fractured (shock fracturing?; Fig. 7A ), and some other clasts display unusual (dissolution?) features (Fig. 7B) ; however, no evidence of shock melting of calcite was observed in the investigated crater-fi ll suevite samples. Based on our investigations, it is impossible to determine if the higher CaO content in crater-fi ll suevite compared to fallout suevite is mainly due to the presence of calcite clasts or the result of a hydrothermal addition of calcite. However, the observation of a higher CaO content in the immediately postimpact fallback glass spherules (see following) in core LB-05B indicates a pre-impact enrichment of Ca in rocks below the immediate target surface.
Another noticeable difference between crater-fi ll and fallout suevite is the abundance of melt particles, which are rare in crater-fi ll suevite (cf. Coney et al., 2007a; Ferrière et al., 2007a) , but which form up to ~20 vol% in fallout suevite (Boamah and Koeberl, 2006) . Melt particles are generally less than a few millimeters (up to 1 cm) in size in crater-fi ll suevite (Ferrière et al., 2007a ) and up to a few decimeters in size in fallout suevite (Boamah and Koeberl, 2006) . In order to compare the chemical composition of melt in both types of suevite, and to further compare their compositions with those of the different target lithologies, the major-element compositions of melt particles were determined using SEM-EDX. The SEM investigations also reveal some characteristics of the microtexture of the melt particles, and they show that the groundmass of the suevite is composed mainly of monomineralic clasts dominated by quartz, feldspars, and mica, and metasedimentary clasts that are mostly meta-graywacke (Fig. 8) . In both cases, for crater-fi ll and fallout suevites, melt particles are highly vesicular (Figs. 8B and 8D-8F) and most contain undigested shocked quartz grains (Figs. 8A and 8B). Vesicles have sizes ranging from a few micrometers to hundreds of micrometers in melt particles from LB-08A suevite; vesicles up to several millimeters in diameter were observed in large melt particles from fallout suevite. As already suggested by optical microscopic observations (Ferrière et al., 2007a) , the original glass of the melt particles is altered to very fi ne-grained phyllosilicate minerals. Similar observations were also made for the melt particles in fallout suevite (Fig. 8F) .
Regarding their chemical composition, melt particles show signifi cant differences between the different samples investigated, but also within a given sample (Fig. 9) . The SEM compositions for 41 melt particles from LB-08A suevite, suevite , and average oceanic crust (OC) data from Taylor and McLennan (1985) . Figure 6 . Major-and trace-element content for the average composition of suevite from core LB-08A (average of 20 samples), normalized to the average composition of (A) suevite from core LB-07A (average of 42 samples; calculated from data in Coney et al., 2007b) , (B) fallout suevite (average of 11 samples; from Boamah and Koeberl, 2003) , (C) glass spherules and fragments from the fallback layer from core LB-05B (average of 95 individual electron microprobe analyses for major elements and 15 samples for trace elements analyzed by INAA; after Koeberl et al., 2007b) , and (D) Ivory Coast tektites (average from Koeberl et al., 1998) . Maximum range of ratios is indicated.
SiO
A dikes, and fallout suevite are reported in Table 2 . Results are compared with literature data of melt particles from fallout suevite and with the average compositions of Bosumtwi target rocks and Ivory Coast tektites (Fig. 9) . Most of the melt particles are comparatively more enriched in FeO than the target lithologies; only the melt particles from outside the northern crater rim (i.e., sample BH3-0585) are depleted in FeO (less than 1 wt%), but they are comparatively enriched in Na 2 O (between 6 and 10 wt%). In the SiO 2 -Al 2 O 3 -MgO + FeO ternary diagram, most of the melt particles plot, in terms of silica, between the average compositions for meta-graywacke and phyllite/slate, except for the melt particles from suevite dikes (i.e., ADE-8A and CAN-31), which are depleted in SiO 2 and somewhat enriched in MgO + FeO compared to the other investigated melt particles. The higher MgO and FeO contents observed for the melt particles from suevite dikes possibly result from the intense alteration of these melt particles to phyllosilicate minerals, as macroscopic and petrographic observations of the suevite dikes have shown that these specifi c samples are extremely altered (see Ferrière et al., 2007a) , possibly due to preferential fl uid circulation along dikes in the uplifted basement.
Considering the heterogeneity of the melt particles with regard to their major-element composition (Fig. 9) , it seems that most of the melt particles are the result of melting of metasedimentary rocks (i.e., mixtures of minerals) than of single mineral grains. No pure SiO 2 melt particles (i.e., lechatelierite) were detected during our SEM investigations of crater-fi ll suevite samples, whereas lechatelierite inclusions were reported in suevite samples from outside the northern crater rim (Boamah and Koeberl, 2006) .
Crater-Fill Suevite and Fallback Spherules from LB-05B Core
The chemical composition of the fallback spherules recovered in LB-05B core, reported in Koeberl et al. (2007b) , showed that fallback spherules and Ivory Coast tektites have very similar compositions, with the exception of an ~1.5-2 times higher CaO content in the fallback spherules than in the Ivory Coast tektites. A slightly lower MgO content and a slightly higher Na 2 O content were also observed for the fallback spherules compared to the tektites. When compared to the LB-08A suevite composition, it is clear that the fallback spherules and LB-08A suevite have very similar major-element contents (Fig.  6) . However, the Co, Ni, and Zr contents are noticeably higher in the fallback spherules (Fig. 6) , with average contents of 48, 373, and 312 ppm, respectively, in the fallback spherules, compared to 17, 65, and 126 ppm, respectively, in the LB-08A suevite (Table 1 ). The contents of Co, Ni, and Zr in the fallback spherules are also signifi cantly higher than the concentrations reported for these elements in all Bosumtwi target rocks. Thus, it is somewhat diffi cult to explain such enrichment for these elements in the fallback spherules, and additional investigations of the fallback spherules are necessary. 
Proximal versus Distal Impactites
A study by Dai et al. (2005) has shown that differences in chemical composition occur between impact glass clasts from fallout suevite and Ivory Coast tektites, such as higher MgO, Zn, and As, and lower Cr, Co, Ni, and Au contents in impact glasses compared to tektites. Coney et al. (2007b) found that the MgO and CaO contents are higher in LB-07A suevite than in Ivory Coast tektites. Here, we show that the CaO and Na 2 O contents are much higher in LB-08A suevite than in tektites (this includes the average composition as well as the minima; Fig. 6 ; Table 1 ). In contrast to observations by Coney et al. (2007b) for LB-07A suevite, the MgO content is lower on average in LB-08A suevite than in tektites, but a large variation in MgO content is observed for the LB-08A suevite samples (from 1.62 to 5.16 wt%), and the MgO content for the tektites falls in the middle of that range (Fig. 6 ). In addition, the Cr, Co, and Ni contents are obviously All samples are from drill core LB-08A (i.e., impact breccia deposits within the crater), except sample BH3-0585, which is from a shallow drill hole outside the northern crater rim (cf. Koeberl, 2003, 2006) . Values are in wt%. Totals are normalized to 100%. *All depths are given in meters below 2004 lake level at Bosumtwi, except sample BH3-0585, for which the depth is below the ground surface. Total iron as FeO. B.D.-below detection limit (typically 0.2 wt%).
lower in LB-08A suevite than in tektites, as already observed by Dai et al. (2005) for impact glass clasts from fallout suevite. The Zn, Sr, and Ba contents are also much higher in LB-08A suevite than in tektites.
Since it is now well established that tektites have formed by melting of surfi cial rocks (see, e.g., Koeberl, 1994) , whereas proximal impactites (i.e., crater-fi ll and fallout suevites) result from the mixing of a large amount of target rocks that are excavated during the formation of the crater, it is not surprising that some compositional differences exist between proximal and distal impactites (Fig. 6) . However, even though the Cr, Co, and Ni contents are highly variable in the different target rocks (i.e., these three elements can be used to distinguish the different metasedimentary lithologies; Ferrière et al., 2007b) , a difference in the proportion of target rocks incorporated in tektites compared to that for the LB-08A suevite cannot, by itself, explain the differences observed for those elements. Thus, our observations of higher Cr, Co, and Ni contents in tektites than in LB-08A suevite may indicate that a somewhat larger amount of the projectile could have been incorporated in Ivory Coast tektites than in crater-fi ll suevite. However, the work by Koeberl and Shirey (1993) indicated only up to 0.6% of a meteoritic component is mixed with target rocks in Ivory Coast tektites, whereas the observed Cr, Co, and Ni differences would require a much higher meteoritic component. Although indigenous platinum group element (PGE) components are high (because of pre-impact hydrothermal mineralization; cf. Karikari et al., 2007 , and references therein), Koeberl et al. (2007c) , based on the cosmic Cr concentration in a sample of Ivory Coast tektite, calculated that ~3%-5% of an ordinary chondrite component was incorporated in the investigated tektite sample. However, because of the high indigenous PGE components, Koeberl et al. (2007c) were not able to derive the exact type of ordinary chondrite.
The observed differences in composition between tektites and the proximal impactites could also in part refl ect the higher postimpact alteration of crater-fi ll and fallout suevite samples compared to the unaltered Ivory Coast tektites. However, because the tektites were subjected to higher temperatures than the suevite samples, it is not excluded that the volatile phases (such as CaO, Na 2 O) were more effi ciently removed from tektites than in the suevites (see also Koeberl et al., 2007b ; who made the same observations for fallback glasses from the LB-05B core). This might be an explanation for the lower CaO and Na 2 O contents observed in tektites compared to LB-08A suevite (Fig. 6 ). In addition, the rocks exposed at the surface at the time of impact (i.e., the tektite source rocks) might have been of somewhat different composition (in part because of surface alteration) than those a few hundred meters below the surface.
SUMMARY AND CONCLUSIONS
We present the major-and trace-element composition of 37 crater-fi ll impact breccia and 82 metasedimentary rocks from the basement of the Bosumtwi impact structure, together with the chemical compositions of several melt particles from suevite samples. Our study shows that the petrographic classifi cation of the metasedimentary rock samples is confi rmed by their chemical compositions and that most of the variations in composition are related to the different rock-forming minerals; only some variations in composition, such as in CaO and Fe 2 O 3 contents, can be related to secondary alteration processes. Some variations of the major-and trace-element abundances, between crater-fi ll and fallout suevites, as well as between proximal and distal impactites, are noted. Concerning the major elements, higher MgO, CaO, and Na 2 O contents are observed in LB-08A suevite than in fallout suevite, and, similarly, the CaO and Na 2 O contents are much higher in LB-08A suevite than in Ivory Coast tektites. In terms of trace elements, the abundances of Cr and Nb are noticeably higher in fallout suevite than in crater-fi ll suevite. The Cr content is also depleted in crater-fi ll suevite compared to tektites, as are the Co and Ni contents, which are much lower in crater-fi ll suevite than in the fallback spherules from LB05B and in tektites. In addition, the Zn, Sr, and Ba contents are also much higher in LB-08A suevite than in tektites.
Altogether, these differences in composition refl ect the original target lithologies that were mixed together in somewhat different proportions, but it appears that alteration, mostly aqueous alteration for the crater-fi ll impactites and weathering for the fallout suevite, has somewhat changed the original composition of the different proximal impactites, whereas the composition of distal impactites has remained almost unchanged since their formation. Additionally, as previously suggested by Coney et al. (2007b) and Ferrière et al. (2007b) , differences occur between clast populations in crater-fi ll and fallout suevite and can further affect the whole-rock composition of the suevite samples. Melt particles in suevite show signifi cant differences in major-element compositions between the individual samples, but also within a given sample. Our observations of melt particles in suevite indicate that heterogeneities in composition also commonly occur at the scale of individual melt particles, refl ecting in some cases melting of heterogeneous metasedimentary lithologies. Lithologies: S = suevite, LB = polymict lithic impact breccia, P = phylite/slate, G = meta-graywacke, LGMG = light greenish gray meta-graywacke, Gb = meta-graywacke breccia.
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*N.D. = not determined.
